Compiled information on parkland agroforestry tree species in relation to diversity, tree management options and the challenges of the system is important for production and productivity, and biodiversity conservation through availing the required information which in turn has an implication to the sustainability of the system and climate change mitigation. So, the aim of this review paper is to compile information on parkland agroforestry practices of Ethiopia, particularly: on tree species diversity, their roles, management options available and challenges of the practice. Parkland agroforestry which is a system practiced by many local populations comprises the large part of agricultural landscapes in Ethiopia and is very important in different aspects such as; for food security, microclimate amelioration, economic benefits, environmental protection, household energy, household utensils, cultural values, traditional medicines, and fodder. There are many indigenous multipurpose tree species scattered on farmlands in Ethiopia, and the common one includes:
Introduction
Domestication of soil improving trees for enhancing the productivity of soil through a combination of selected trees and food crops on the same farm field is the major reason for practicing agroforestry land use systems (ICRAF, 2000) and hence, an agroforestry system is an age-old tradition in Ethiopia (Jama & Zeila, 2005) .
Forests are important natural resources that are contributing to ecology, rural livelihoods, national economies and international wealth. As a result, the destruction of forests is seen as a cause of environmental degradation, loss of biodiversity, climate change, and poverty. They are also recognized as a factor in climate change mitigation and adaptation, environmental stabilization and a source for local and national development (Bongers, 2010) .
In order to provide more emphasis to the sector in Ethiopia, the "Forest Development, Conservation and Utilization Proclamation 542-2007" has been developed (FDRE, 2007) and again updated to a proclamation no. 1065 (FDRE, 2018 . This policy targets to address the demand for forest products, enhance the national economy, reduce forest degradation and related environmental disasters, and encourage the development of forests while conserving and using remaining forests in a sustainable way (FDRE, 2007; FDRE, 2018) .
The major reason for practicing agroforestry land use systems like parkland trees is the domestication of soil improving trees for enhancing soil productivity through a combination of selected trees and food crops on the same farm field (Kassa et al., 2010) . Agroforestry parkland systems is defined as areas where scattered multipurpose trees characterized by the diversity of woody or often indigenous species occur on farmlands as a result of farmer selection and protection (Boffa, 1999) , landscapes in which mature trees occur scattered in cultivated or recently fallowed areas (Badege & Abdu, 2003) 
(see Figures 1-3).
Parkland agroforestry which is a system practiced for many local populations is very important for food security, microclimate amelioration, income generation and environmental protection, and is found at different corners of the world, primarily in the semi-arid and sub-humid zones of Africa (Boffa, 1999) . Kindeya (2004) reported that agroforestry practice is an aged practice in the Ethiopian farming systems off which parkland trees comprise the large part of agricultural landscapes and it is also the most dominant agroforestry practice in the semi-arid and sub-humid zones of Ethiopia.
Parkland trees are used to satisfy the needs and demands of the households.
Some of the major roles they play includes: heating, cooking, household utensils, cultural values, provision of pollen and nectar for honey production, construction of houses and handles of farm implements (Negash, 2007) , traditional medicines (Boffa, 2000; CIFOR, 2005) , economic benefits, fodder values, employment opportunities and contribute to regional and national economy (Abebe, 2005 ).
Statement of the Problem
Parkland agroforestry has been practiced by many farmers in different corners of the country; Ethiopia for many years by traditional and cultural way of cultivation. Many scholars have carried out different researches in different parts of the country about parkland trees of Ethiopia, even though it is not sufficient. However, very little compiled information is available to the stakeholders at different levels. So, the target of this review paper is to review and compile datum available with regards to tree diversity of parkland agroforestry/scattered trees on farmland/trees on cropland, their roles, available management options and the challenges of the system.
The Purpose of the Review
The overall aim of this review paper is to compile information on parkland agroforestry of Ethiopia, specifically; a) To review on tree species diversity of parkland agroforestry b) To review on the roles of parkland agroforestry c) To review on management options available for parkland trees d) To review on Challenges of parkland agroforestry
Parkland Trees
Parklands also known as scattered trees/trees in croplands are a very common type of agroforestry system in the tropics and characterized by well known scattered trees on cultivated and recently fallowed lands (Raj & Lal, 2014) which is developed as a result of crop cultivation on a piece of land that became a permanent activity. Such a system of integrating tree species into farmlands provide productive, protective and socio-economic as well as religious roles that can improve the livelihoods of the society, especially for smallholder farmers in the developing or underdeveloped world suffering from hunger, poverty, and malnutrition (Raj & Lal, 2014) . Trees are integrated in rural livelihood systems in order to satisfy people's demands (Wiersum, 2004; Cedamon et al., 2005) , and trees in farming systems particularly provide directly consumable products as well as generate income and enhance the local ecological situation such as through soil improvement and their effect on micro-climate (Arnold, 1997) . Analyzing the intensity with which trees are integrated into farm fields, taking into account the purpose, location, and density of trees, a division can be made into six different categories ranging between scattered trees on non-arable or fallow land and tree plantations (Arnold, 1997) . These categories as modified by (Bongers, 2010) from Arnold (1997) are: a). trees on non-arable or fallow land: naturally regenerated trees on land without crops or grass, b). scattered trees in the arable land: naturally regenerated trees on cropland, c). trees growing in home gardens: mostly planted trees around the home area, d). trees growing in boundaries: planted trees as boundaries for demarcation of, or within, fields or to serve the protective purpose, e). intercropping of trees: planted trees on cropland, together with crops, Among the characteristics of traditional agroforestry parklands are the diversity of tree species they contain and the variety of products and uses. Boffa (1999) reported that parklands investigated so far in sub-Saharan Africa are proven to compose high species diversity i.e. often 40 -50 woody species. These parkland trees generate and provide favorable micro-climates (through shade especially) and buffer extreme conditions (through acting as windbreaks). Parklands are found dominantly in the semi-arid and sub-humid zones of West Africa, but it doesn't mean that they are limited to.
Tree Species Diversity in Parkland Agroforestry of Ethiopia
Diversity is one of the most important community attributes that mainly includes two different aspects of vegetation; species richness and evenness that used to compute species richness (Zhang et al., 2012) . Species richness is the number of species per a given area and is the simplest measure of diversity and does not consider differences in species relative abundance whereas; species evenness or the similarity in species relative abundance in a community is the relative abundance of species to all species or an even distribution of individual species (Zhang et al., 2012) .
Different studies have been carried out on tree species diversity of parkland agroforestry at different localities in Ethiopia. For example, a study at Abreha
Weatsebeha watershed of Tigray region that resulted in 1.12 and 0.41 of Shannon diversity and evenness respectively (Guyassa & Raj, 2013) , a study in Oromia region at East Shewa zone (Endale et al., 2017 ) with a finding of 2.43 and 0.31 of Shannon diversity and evenness respectively, a study carried out in the rift valley at Beseku, Arsi Negelle that reported Shannon diversity of 2.22 and evenness of 0.64 (Tolera, 2006) . Additionally, Bongers (2010) Trees found in farm fields do not recreate forests (Arnold, 1997) but do contribute to landscape based biodiversity (Boffa et al., 2005) like the realities in most parts of Ethiopia. Specific characteristics of tree species are very important for selection of species to be planted on to the farmland following certain criteria ranging between the utility, drought resistance nature of the species, compatibility with crop elements and potential for improvement of soil fertility (Bannister & Nair, 2003; Roothaert & Franzel, 2001 ). The selection is also influenced by a mixture of biophysical factors and social objectives (Long & Nair, 1999) . Furthermore, it depends on household characteristics, differences in ethnicity of the population (Boffa, 1999) and the local perceptions on the values of the trees. But in a general way, multipurpose trees (multipurpose trees are those tree species that are grown to provide more than one significant products or services being practiced on the farmland) (Raj & Lal, 2014) are often selected as they can meet multiple demands while investments are overall low (Bongers, 2010) . Generally, the Ethiopian parkland includes exotic and indigenous trees off which the common indigenous parkland trees on croplands include: Millettia ferruginea, Cordia africana, Ficus vasta, Ficus sur, Croton macrostachyus and Faidherbia albida which are located at different densities and localities depending on different factors, and under different management options in a way that it contributes to the cereal crops beneath them. This trees could be the remnants of the natural stand or it could be plantations but in Ethiopia mostly the remnant of natural forests are very common (Figures 1-3) which might be totally lost if this systems were not there.
Roles of Parkland Agroforestry
Trees are most often integrated for their productive, protective and socio-economic and cultural roles for individual use within the farm fields (Wiersum, 1996) . However, these are inseparable and very much interrelated for the productivity and sustainability of the system as a whole. a) Productive Roles Productive roles of the system refer to the production of one or more products for food, manure, timber, shelter, fodder, fuelwood, and the like (Raj & Lal, 2014) which are mainly production of goods required to meet the basic needs of the society.
Parkland trees, contribute to livelihood strategies (Dawson et al., 2014) in different mechanisms like, production diversification (farmers can offset crop failures), forage feed for livestock (Atangana et al., 2014; Mekonnen et al., 2009 ) that enables the producer to include animals in their agricultural system thus creating additional income diversification and food for times when crop harvest is low, farm tools, fuelwood, construction materials, fruit and medicine (Guyassa & Raj, 2013; Gizachew et al., 2015; Endale et al., 2017; Raj, 2016) . Faidherbia albida; the most researched agroforestry species in Ethiopia improves barley productivity (Ernstberger, 2016; Hadgu et al., 2009) , improves maize productivity (Gizachew et al., 2015; Poschen, 1986) , 56% yield increment of Sorghum under Faidherbia albidain Ethiopiaas compared to yields outside the tree canopy (Poschen, 1986; Bekele-Tesemma, 2007a ) and 14% increment in yield of Sorghum grain under Cordia africana parkland trees as compared to farmlands without trees in Burkina Faso (Boffa, 2000) . The roles that are considered as protective gives more emphasis to sustainability of the systems by the ecosystem services such as climate amelioration, reduction of loss of soil moisture, nitrogen fixation and soil fertility improvement, reducing wind and soil erosion, provision of shelter and shade, soil stabilization and conservation, biodiversity improvement, increment of aesthetic value, flood control, pest control etc. (Raj & Lal, 2014) .
The pressure of human population which resulted with intensified agriculture and reduced following period's consequently resulted in soil fertility problem in many farming systems throughout the tropics including Ethiopia. The domestication of soil improving trees commonly known as multipurpose trees for enhancing soil productivity through a combination of selected trees and food crops on the same piece of a farm field is one of the reasons for practicing agroforestry (Kassa et al., 2010) . Trees in general, prevent soil erosion which is a very serious problem nowadays in many corners of the country, as their perennial root networks stabilize the soil and are able to recover nutrients through pumping from deeper soil layers (Atangana et al., 2014; Bekele-Tesemma, 2007a) that are not easily accessible by the cereal crops (it is a means of attaining sustainable agricultural production and managing land resources (Bekele-Tesemma, 2007a)), for conservation, shade and fencing (Guyassa & Raj, 2013; Gizachew et al., 2015) . The research done by Asfaw and Agren (2007) stated that in southern Ethiopia Cordia africana has significantly more nutrients in the topsoil underneath its canopy, improves soil fertility, and soil and water conservation (Gizachew et al., 2015) and soil quality (Gelaw et al., 2015) , improves soil and water conservation, soil fertility, and provide shade (Endale et al., 2017) , improves some soil properties under their canopy as compared to the adjacent open lands (Gindaba et al., 2005; Yadessa et al., 2001 ).
Furthermore, Sileshi (2016) reported that Faidherbia albida parklands modify soil moisture availability through increased infiltration, fallen leaves of Faidherbia albida is commonly used as a fertilizer in farming systems (Tekalign et al., 1991) , soil moisture content is significantly higher under Faidherbia albida tree as compared to outside the canopy of the trees (Hadgu et al., 2009) , fixes nitrogen, improves the moisture status of the soil through uplifting of the underground water to the upper soil surface (Bekele-Tesemma, 2007a ).
Additionally, Bayala et al. (2014) and Atangana et al. (2014) reported that parklands reduce the risk of climate change to small holders. This is because trees accumulate CO 2 (which is the most predominant GHG) in their biomass (Raj, 2016) and in doing so, not only helps in climate change mitigation (due to an increased sequestration of carbon) but also climate change adaptation (due to the creation of more favorable microclimates on agricultural fields) which is also true to Ethiopian parkland agroforestry systems. It is an established fact that despite the climate changes mitigation (GHG reduction), there is a more pressing need to cope with the impact of climate change (adaptation). SO, with this regard, the trees in farmland provide shade for crops found beneath their canopy. Table 1 . Some common indigenous parkland trees to Ethiopia and their common roles (compiled from Tolera, 2006; Gizachew et al., 2015; Ernstberger, 2016; Asfaw & Agren, 2007; Hadgu et al., 2009; Bekele-Tesemma, 2007b; Hailu et al., 2000; Ashagrie et al., 1998; Yadessa, 1998; Bongers, 2010 The study carried out on different agro-ecological zones of Ethiopia on the extent of Faidherbia albida by Hadgu et al. (2011) found that fertility improvement (95%), soil moisture retention (90%), rainwater infiltration (88%), bee forage (80%), and livestock feed (88%). Kassa et al. (2010) , on the study done in Tigray region, reported that Balanites aegyptiaca, which is another potential tree for parkland agroforestry systems, has shown an increase of Sorghum yields.
E. S. Bekele
Trees on parkland, especially, if they are leguminous species they possess the function of fixing atmospheric nitrogen in symbiosis with bacteria and offer potential benefits to agriculture, hence they increase nitrogen availability (Munroe & Isaac, 2014) . Nowadays more than 600 tree species worldwide are known to fix nitrogen (Raj & Lal, 2014 As a system of an agroforestry, parkland trees are not only used for productive and protective function even if these are theoretically the two fundamental attributes of all agroforestry systems (Raj & Lal, 2014) but also for their social, economic and cultural as well as religious functions, commonly known as multipurpose agroforestry systems (Raj & Lal, 2014 ).
Rhamnus prinoides is used for preparing a local beverage "tella" (Bongers, 2010) which is used in cultural and religious ceremonies and family or other informal gatherings. Big old trees mostly Ficus species used for "Adbar"; large trees seen as a religious temple which should be worshipped and kept satisfied (Bongers, 2010 ) (even if the species selection varies from place to place and from culture to culture); its use is secret and people do hardly elaborate on the background and current practices of the rituals include a typical Ethiopian coffee ceremony at night with the coffee snacks and slaughtered animals, and worshiping of the tree by placing butter on the stem.
Through the sale of agricultural and tree products the income of the households who are the owners of the farms could also be increased (Bekele-Tesemma, 2007a ) so that the society could lead a better lifestyle.
Many scholars have tried to collect the roles or values of indigenous trees
scattered on farmlands through different approaches mainly through questionnaire and here under indicated in the table for some of them (Table 1) , which is all round benefits that categorized into three as indicated above (see Section 4 a, b and c).
Management of Parkland Trees
Farming situations are widely recognized as an important factor influencing tree management practices of trees that are integrated within the farm fields (Arnold, 1997) . Trees have a different value in diverse farming systems whether farms are mainly subsistence or market-oriented, and are therefore integrated to a varying extent within farm fields. The farming system is the main factor that is influencing tree utilization and management practices (Bongers, 2010) .
As compared to
what is known about the crop and livestock components of agroforestry systems and practices, very little is known about existing parkland tree management practices, about farmers' perceptions of the roles of parkland trees and of different parkland tree outputs in meeting their needs and production objectives, and about the challenges farmers face that limit their potential to develop parkland tree resources within their farming systems.
Parkland trees management is a mechanism of controlling the tree-crop competition in farm fields hence selection and management of the species incorporated influences the success of the system. Management of trees is important to ensure the sustained return of mulch or leaf fodder and light shade through the application of pollarding, topping and pruning managements which should be done in early summer or at the end of the dry season (Kindeya, 2004 (Zubair & Garforth, 2006) . Tree management practices are often based on years of experiences of the farmers (Roothaert & Franzel, 2001 ) which need to be understood very carefully and, it is an area where the interaction between trees and peoples is clearly observed. Tree management practices are carried out in order to enhance and secure the trees' function now and in the future and are interdependent with tree utilization which is the final target. The research results of different scholars such as Arnold & Dewees (1995) , Nair (1993) and Abebe (2005) indicated that tree management practices have dual purposes i.e. reducing light competition with the undergrowth and provision of usable products to the farmers. The farm size, farmers age and wealth status are factors influencing tree planting activities (Schuren & Snelder, 2008) , as are the environmental conditions influencing actual growth and survival of trees related to specific tree characteristics (De Jong, 2001; Bannister& Nair, 2003) , which is true to Ethiopia as well.
There are different alternatives to management practices for agroforestry parklands and the major one constitutes pollarding, lopping of side branches (Negash, 2007) , pruning (Gizachew et al., 2015) , watering, plant protection and fertilizing (Guyassa & Raj, 2013) , root pruning (Bayala et al., 2013) , coppicing (Raj & Lal, 2014) . Pollarding helps to reduce excessive shading whereas; lopping is to allow the mother trees to grow taller without casting heavy shade over the crops below (Bekele-Tesemma, 2007a) . Thinning also carried out on parklands when the crowns of two or more adjacent trees started to close and caste heavy shade; however, it is not a common practice. Pruning of parkland agroforestry tree species retained in crop fields is meant for reducing the effect on crops, getting fodder for animals, and collecting wood to be used for fencing and firewood (Guyassa & Raj, 2013) .
Overall, the major reason behind parkland trees management is to maximize the benefits out of the system. Otherwise, parkland trees can compete with crops for different resources such as; for light, water and nutrients and decrease crop yield especially, when density and size of trees are high (Miller & Pallardy, 2001 ).
Challenges of Parkland Agroforestry
Parkland trees are also known as scattered trees on farms are integral parts of smallholder farming systems in Ethiopia. Despite their substantial economic and ecological roles, these trees have received disproportionately little scientific attention in Ethiopia (Badege & Abdu, 2003) . The policy makers lack knowledge, not only of the benefits of agroforestry; notably, the income earning capacity of tree products and the soil enhancing services they provide as well, but also of the negative impacts of conventional agricultural and forestry production methods which is a monoculture. In most of the communities, a common belief is that (FAO, 2013) , which is a blind generalization, but in reality, it depends on the species incorporated into the system, the management options applied for, and the like. However, most studies conducted indicated that the presence of trees on farms significantly increased the income and productivity of the land.
Regardless of the importance of agroforestry parklands, few quantitative data are available to assess trends in the condition of these systems in terms of density, age composition, and spatial extent. In general, tree densities in rural landscapes and parklands have significantly declined in past decades, especially since the droughts of the 1970s of Ethiopia, and they are characterized by a predominance of old trees and sometimes alarming lack of regeneration (Boffa, 2000) .
The other challenge that is significantly hampering the parkland trees is the expansion of exotic trees in the expense of the native ones which has its own consequence on to the biodiversity of the system and then to the country in large.
With this regard, Tolera (2006) on his study conducted at Arsi Negelle Districts of Ethiopia recorded 32 tree species on croplands and all of them are indigenous species and this is an indication that the parklands are the remnants of the natural stands and the system is also a virgin/unchanged which is very much appreciated. Bongers (2010) reported that the number of trees on farmlands are becoming decreasing from time to time and is also true to the native trees as well.
However, other scholars have found out that the exotic trees are becoming common on parklands of Ethiopia. For example, Gizachew et al. (2015) reported 25% of the trees found on parklands are exotic trees on a study conducted at Hawassa Zuria District, Molla & Kewessa (2015) on their study carried out at Dollo Menna District found out that 15% of parkland trees are exotic tree species, a study conducted in Gununo Watershed reported 31% of the species are exotic (Bajigo & Tadesse, 2015) , Endale et al. (2017) on the study conducted at semi-arid parts of east Shewa has found 30% of the species recorded are exotic species, Guyassa and Raj (2013) has recorded a 13.3% of exotic tree species on the study carried out in Tigray region. So, this is an indication about the trends of the exotic tree species (farmers are planting exotic species with important economic roles they play, example; different Eucalyptus species) expansion into the croplands in the expense of the native trees.
Under the current pressure from land fragmentation and environmental and societal change, many Ethiopian smallholders are in the process of transforming their farming strategy towards market-oriented mono-cropping to meet their needs for household food security and income. The crops that are expanding in the form of cash crops on a mono-cropping approach include; Catha edulis, Coffea arabica, and Sugarcane and they are influencing parkland agroforestry systems negatively. This is again directly related to population pressure which in turn has linkage to the land shortage. In line with this, the investigation by En- Schuren and Snelder (2008) indicated that the size of farm, wealth status, and age of the farmers are also factors that influence the activities of tree incorporation to farmlands, besides the environmental factors that have direct linkage to specific tree characteristics. Furthermore, trees choice in a farm system also depends on household characteristics, the differences in ethnicity of the population and the local perceptions of the values of trees (Boffa, 1999) .
Climate change has also its own negative impact on parkland trees because as climate change it is true the species also change; this, in turn, results in a change of the system. This is because what is a problem to the environment is common affects the parkland agroforestry practices as well. This is because an agroforestry system could play an important role in mitigating climate change hence, it sequesters more atmospheric carbon in plant parts and soil than the conventional mono-cropping farming system (Mulhollem, 2018) . Worede (1997) reported that in Ethiopia smallholder farms are under pressure as a result of intensification (includes use of inorganic fertilizer and Eucalyptus plantation for different uses (Hadgu et al., 2009) ) and agro-ecosystem simplification which could be serious threat to the sustainability of agricultural productivity with negative consequences like: soil erosion, water scarcity and soil fertility decline (Dejene, 2003; Shiferaw & Holden, 2000) .
Tenure Systems in Agroforestry Parklands
In most of developing countries, land tenure creates a gender imbalance in land ownership, hence, in both legal and customary practice, women and other vulnerable groups, who may need to grow more food through the development of agroforestry (like parkland trees), have limited access to land and resources (FAO, 2013) which is also true to Ethiopia. But in reality, trees on farm require stability and security of tenure rights than in other agricultural systems (FAO, 2013) . This is because of the longer periods trees need as compared to annual crops through which farmers' testing, adaptation and eventually adoption of agroforestry technologies takes place.
In Ethiopia, all land is owned by the government and then allocated to the citizens, but in the past history, there have been regular reallocations in connection to political events. This has led to certain insecurity in terms of investing in one's farmland (Gebremedhin & Swinton, 2003; . So, farmers with insecure land rights are unable or unwilling to plant trees which take a longer time to provide a return out of it in their cropland in the form of parkland agroforestry systems. But the scientific findings indicate that the practices of tree planting are very much important in order to enhance the tree cover in the farm fields. So, the policy direction aiming to increase tree cover should take into account scattered trees found on farm fields. 
Conclusion and Recommendation
Parkland trees which are very common practice in Ethiopia are a very important resource for the production, productivity, conservation of biodiversity and other related benefits that are dependent on the existence of the system. These trees are diverse ranging from native to exotic ones and have different densities per hectare; the tree species vary from place to place depending on factors such as;
interest of farmers, land size, agro-climatic condition, characteristics of the species etc.
Different but appropriate management of parkland trees is very much needed for the productivity of crops and soils which could be increased by the incorporation of an appropriate use of local biodiversity resources. There are many parkland trees used in different corners of the country: Ethiopia and the most common indigenous parkland trees found include: Faidherbia albida, Cordia africana, Croton macrostachyus, Millettia ferruginea, Ficus vasta, Ficus sur, Acacia etbaica and Acacia lahai.
There are different challenges to the parkland agroforestry practices of Ethiopia and some of them include: land shortage as a result of population pressure, expansion of market-oriented products, climate change, land tenure system and expansion of exotic tree species in the expense of indigenous and native ones.
The practices of tree planting are very much important in order to enhance the tree cover in the farm fields. As a result, the policy aiming to increase tree cover should not only concentrate on large areas covered with trees but also should take into account scattered trees and small tree patches found on farm fields. Hence, there are very limited studies found so far on parkland trees of Ethiopia; there is a need for more comprehensive analysis of the multiple benefits and services provided by parkland trees located on farmlands.
